Technical iodine was found to catalyze the condensation between 2-aminobenzohydrazide (1) and some aldehydes and ketones in absolute ethanol under mild conditions to afford hydrazone and quinazoline derivatives, respectively. Condensation of 1 with terephthalaldehyde (2) in 1 : 1 molar ratios afforded the hydrazone 3, while hydrazone 4 was formed on using a double molar ratio of 1. On the other hand, compound 1 condensed with 4-formyl [2.2]paracyclophane (5) to give the hydrazone 6. However, spiro-quinazolines 8, 10, 12, and 14 were formed when compound 1 reacted with ketones such as N-benzylpiperidone (7), indane-1,2,3-trione (9), cyclohexane-1,2-dione (11), and dimedone (13), respectively. Treatment of 1 with tetrabromophthalic anhydride (TBPA, 18) and pyromellitic dianhydride (PMDA, 20) furnished phthalazino-quinazoline 19 and 21, respectively. The products were fully characterized according to their spectral analyses. The mechanisms of formation of the products have been rationalized.
Introduction
As a result of their antimicrobial, antifungal and antibacterial properties, carboxylic acid hydrazides are of great biological importance [1] . 2-Aminobenzohydrazide has been widely used as a starting material in the synthesis of various bioactive heterocyclic compounds [2] . Spiro-heterocyclic compounds are well known to possess various pharmacological activities [3 -6] , and hence their synthesis has always been a challenge and of attraction to organic chemists. As part of our ongoing research program on heterocyclic compounds which may serve as leads for designing novel antitumor agents, we were particularly interested in quinazoline derivatives [7 -13] .
Quinazolines occupy a prominent position among heterocyclic compounds and are in demand because of their potential biological and pharmaceutical activities. Quinazoline systems have been reported to act as potent antihypertensive agents [14] and antiinflammatory activity inhibitors [15 -17] . Quinazoline derivatives were also found to show bronchodilatory [18] and anti-allergic [19] properties. In addition, quinazoline derivatives also have a therapeutic benefit as an anti-invasive agent with potential for activity in early and advanced solid tumors, metastatic bone disease and leukemias [20] . We considered the well known activity of the quinazoline nucleus in chemotherapy, where many of its substituted derivatives are effective antitumor agents [21, 22] . Furthermore, more recent data have reported that a broad class of quinazolines also act as potent and highly selective inhibitors of epidermal growth factor receptor (EGFR) or epidermal growth factor receptor tyrosine kinase (EGFR-TK) [23 -25] . Beside, their uses as precursors in the synthesis of fused ring compounds make them worthy to be synthesized and evaluated [26 -29] .
Results and Discussion
Recently, we have reported that hydrazino compounds can be considered as key starting materials for the synthesis of diverse nitrogen bridgehead compounds [30] . This prompted us to reinvestigate the proclivity of compound 2 towards electrophilic reagents such as terephthalaldehyde (2) clophane (5) , N-benzylpiperidone (7), indane-1,2,3-trione (9), cyclohexane-1,2-dione (11), and dimedone (13) as well as tetrabromophthalic anhydride (TBPA, 18) and pyromellitic dianhydride (PMDA, 20).
Condensation of 2-aminobenzohydrazide (1) with terephthalaldhyde (2) in the presence of a catalytic amount of iodine in boiling ethanol afforded hydrazones 3 and 4 depending on the molar ratios of 1. Condensation of 4-formyl [2.2]paracyclophane (5) with 1 under the same reaction conditions furnished hydrazone 6 as shown in Scheme 1.
The molecular structures of the products are supported by elemental and spectral analyses. For example, compound 3 exhibits in the IR spectrum four strong absorption bands at 3417, 3390, 3201, and 1678 cm −1 characteristic for NH 2 , NH and CO groups, respectively. The 1 H NMR spectrum of 3 shows three characteristic singlets at δ = 6.34, 8.81 and 9.88 ppm assignable to NH 2 , NH and CHO protons, respectively. The mass spectrum exhibits the molecular ion peak at m/z = 267.
Compound 4 was formed when a double molar ratio of 1 was condensed with one mole of 2. The structure assigned to 4 was fully supported by its elemental analysis and mass spectrum, which suggest the molecular formula C 22 H 20 N 6 O 2 (m/z = 399).
The reactivity of 1 towards ketones 7, 9, 11, and 13 has also been studied and shown to give spiro-quinazolines 8, 10, 12, and 14 (Scheme 2). The structural assignments of the products were made on the basis of the NMR data and were supported by their IR spectra. Of special interest are three strong absorption bands at 3313, 3201 and 1643 cm −1 assigned to NH 2 , NH and CO groups, respectively (see Experimental Section).
The 1 H NMR spectrum of the quinazoline derivative 8 as an example revealed two characteristic broad singlets at δ = 7.42 and 9.60 ppm assigned to NH 2 and NH groups, respectively. Furthermore, a multiplet was present in the region of δ = 1.80 -3.35 ppm due to the methylene protons of the electrophile, in addition to a singlet signal at δ = 4.75 ppm for the benzyl -CH 2 protons and a multiplet at δ = 6.70 -7.65 ppm for the aromatic protons. Moreover, the spiro-carbon atom of 8 resonated in the 13 C NMR spectrum at δ = 114.00 ppm, and the carbonyl carbon atom resonated at 163.00 ppm. The molecular formula of compound 8 is supported by elemental analysis and a mass spectrum that gave the expected molecular ion peak and fragmentation patterns.
Scheme 3 outlines a rational pathway for the formation of product 8. We suggest that initial nucleophilic attack occurs by the most nucleophilic site (β -nitrogen atom) of 1 on the carbonyl group of 7 leading to the loss of a molecule of water to produce the intermediate 15. The aromatic amino nitrogen atom attacks on the imine-carbon atom to afford the spiro-triazepinone 16 with a 1,3-H + shift. The intermediate 17 is formed through the nucleophilic attack of the aromatic NH group on the spiro-carbon atom causing ring opening. The final product 8 is obtained after nucleophilic attack of the α-nitrogen atom on the imine-carbon atom followed by 1,3-H + shift (Scheme 3).
Treatment of 1 with dimedone 13 in refluxing ethanol in the presence of iodine leads to the forma-Scheme 2. Reaction of 2-aminobenzohydrazide (1) with ketones 7, 9, 11, and 13. tion of the quinazoline 14 (Scheme 2). The constitution of product 14 was confirmed by elemental analysis and spectral data. The IR spectrum of 14 displayed two strong absorption bands at 3228 (NH) and 1647 cm −1 for the two different (CO) groups, in addition to the absence of the absorption bands of the NH 2 group. The 1 H NMR spectrum of 14 confirmed the disappearance of the NH 2 group, while the NH proton resonated at 7.59 ppm. The spiro-carbon atom resonated in the 13 C NMR spectrum at δ = 100.00 ppm. Furthermore, the signals of the carbonyl carbon atoms and the C=N carbon atom appeared at 198.22, 167.55 and 169.55 ppm, respectively.
Scheme 4 outlines the synthesis of 1,2,3,4-tetra- (21) 
Conclusion
In this study, the proclivity of 2-aminobenzohydrazide (1) towards carbonyl compounds such as aldehydes, ketones and carboxylic anhydrides in boiling EtOH or AcOH was investigated. The simple workup procedures, in addition to the neutral reaction conditions, are the main advantages of our approach to interesting heterocyclic products.
Experimental Section

General
All reagents were purchased from Alfa Aesar or Fluka and were used without further purification. Melting points were measured in capillary tubes using a Büchi 530 melting point apparatus and are uncorrected. IR spectra were measured using a Bruker Tensor 27 instrument. 1 H NMR (300 or 400 MHz) and 13 C NMR (75 or 101 MHz) spectra were recorded in [D 6 ]DMSO on Bruker Avance II-300 and Avance DRX-400 spectrometers with TMS (for 1 H) or the solvent (for 13 C, δ C = 77.01 ppm) as the internal standards. Mass spectral measurements (EI, 70 eV) were performed using a Finnigan MAT 8430 spectrometer.
Synthesis of (E)-2-amino-N -(4-formylbenzylidene)benzohydrazide (3)
A mixture of compound 1 (151 mg, 1 mmol), compound 2 (134 mg, 1 mmol) and a catalytic amount of iodine in ethanol (20 mL) was refluxed, and a yellow precipitate was formed after 30 min. The reaction was continued for 2 h. After completion of the reaction (TLC analysis), the precipitate was filtered off, washed, dried and recrystallized from DMF/EtOH. 
Synthesis of N ,N -(1,4-phenylenebis(methanylidene))-bis(2-aminobenzohydrazide) (4)
A mixture of compound 2 (134 mg, 1 mmol), compound 1 (302 mg, 2 mmol) and a catalytic amount of iodine in ethanol (20 mL) was refluxed, and a yellow precipitate was formed after 30 min. The reaction was continued for 2 h. After completion of the reaction (monitoring by TLC), the precipitate was filtered off and washed with DMF. (The product is insoluble in the available deuterated solvents). 
Synthesis of (E)-2-amino-N -(4-paracyclophanylidene)-benzohydrazide (6)
A solution of 1 in dry EtOH (151 mg, 1 mmol) was mixed with a solution of an equimolar amount of 5 (236 mg, 1 mmol) in dry EtOH (15 mL) in the presence of a catalytic amount of iodine The mixture was refluxed for 2 h. An orange precipitate was formed. The precipitate was collected, washed and recrystallized from 1,4-dioxane. 
Synthesis of 3 -amino-1-benzyl-1 H-spiro[piperidine-4,2 -quinazolin]-4 (3 H)-one (8)
A mixture of 1 (151 mg, 1 mmol), compound 7 (189 mg, 1 mmol) and a catalytic amount of iodine in ethanol (20 mL) was refluxed for 6 h. A colorless precipitate was formed. After completing the reaction (TLC follow), the precipitate was filtered off, washed and recrystallized from DMF/EtOH. 
Synthesis of 3 -amino-1 H-spiro[indene-2,2 -quinazoline]-1,3,4 (3 H)-trione (10)
A mixture of 9 (178 mg, 1 mmol) and 1 (151 mg, 1 mmol) in the presence of a catalytic amount of iodine in ethanol (20 mL) was heated under reflux conditions. A brown precipitate was formed, and the reaction was continued for a further 2 h. The precipitate was filtered off and recrystal- 
Synthesis of 3 -amino-1 H-spiro[cyclohexane-1,2 -quinazoline]-2,4 (3 H)-dione (12)
The reactants 1 (151 mg, 1 mmol) and 11 (112 mg, 1 mmol) were dissolved in ethanol (20 mL), and a catalytic amount of iodine was added. The reaction mixture was boiled for 2 h and then poured onto cold water (25 mL 
Synthesis of (E)-3 -((3,3-dimethyl-5-oxocyclohexyliden)-amino)-3,3-dimethyl-1 H-spiro[cyclo-hexane-1,2 -quinazoline]-4 ,5(3 H)-dione (14)
A solution of 2-aminobenzohydrazide (1) in EtOH (151 mg, 1 mmol), dimedone (13) (280 mg, 2 mmol) and a catalytic amount of iodine were mixed in ethanol (10 mL). The reaction mixture was heated for 6 h under reflux conditions. After completion of the reaction (TLC analysis), the reaction mixture was left to cool to room temperature. After cooling a precipitate was formed, which was collected by filteration and recrystallized from EtOH. 
Synthesis of 1,2,3,4-tetrabromo-5H-phthalazino[1,2-b]-quinazoline-5,8(6H)-dione (19)
A mixture of 1 (151 mg, 1 mmol) and tetrabromophthalic anhydride (TBPA, 18) (463 mg, 1 mmol) in glacial acetic acid (15 mL) was heated for 2 h. After completion of the reaction a precipitate was formed. It was collected by filtration and recrystallized from 1,4-dioxane. 
Synthesis of N,N -(1,3,5,7-tetraoxopyrrolo[3,4-f]isoindole-2,6(1H,3H,5H,7H)-diyl)bis(2-amino-benzamide) (21)
A mixture of 2-aminobenzohydrazide (1) (302 mg, 2 mmol) and pyromellitic dianhydride (PMDA, 20) (218 mg, 1 mmol) in glacial acetic acid (10 mL) was heated under reflux conditions for 2 h. A pale-yellow precipitate was formed. After completion of the reaction (monitoring by TLC), the precipitate was collected by filtration and washed with DMF. 
